Introduction
The notion that differentiation of cells in the early embryo depends on the partitioning to different blastomeres of sets of qualitatively distinct determinants that are localized within the egg has a long history (Wilson, 1928) . However, even in species such as the nematode Caenorhabditis elegans, which, by virtue of an extreme mosaic pattern of early development, might be expected to be a fertile hunting ground for specific determinants of cell type, there is rather little support for the existence of such determinants (reviewed in Davidson, 1986; Wilkins, 1993) . The strongest evidence for their existence is in the germ cell lineage, particularly in Drosophila (Illmensee and Mahowald, 1974; Niki, 1986) . Nevertheless, organization of the egg is generally found to play an important role in early development, often in relation to the specification of axes or global patterning rather than the differentiation of specific cell types. In Drosophila, there is now compelling evidence for the existence of localized determinants in the egg that play a fundamental role in both antero-posterior and dorsoventral patterning of the embryo. Such determinants act by orchestrating the spatially regulated expression of a limited number of genes within the single-celled embryo (Lawrence, 1992; St. Johnston and Nüsslein-Volhard, 1992; Wilkins, 1993) . Interestingly, the distinction between determinants of cell type and pattern may be subtle, since germ cell formation and abdominal segmentation depend on largely overlapping sets of genes in Drosophila (Bardsley et al., 1993) . The occurrence in eggs of determinants that are involved in pattern formation does not appear to be peculiar to insects. There is, for example, growing evidence for the existence of a dorsal determinant in Xenopus that is localized in the vegetal cortical cytoplasm of the egg prior to fertilization and which moves equatorially during the cortical rotation that occurs shortly thereafter (Yuge et al., 1990; Fujisue et al., 1993; Holo-wacz and Elinson, 1993) . Recently, a case has also been made for a posterior determinant in the ascidian Halocynthia roretzi (Nishida, 1994) .
Mammals are widely cited as exceptions to the rule that egg organization plays an important role in early development (e.g. Gurdon, 1991) , and it is with a closer examination of the grounds on which this conclusion is based that the present article is concerned. Denker (1976 Denker ( , 1981 Denker ( , 1983 ) is notable among those who have reviewed the evidence in repeatedly challenging the view that differentiation in early mammalian embryos is rooted entirely in events that take place after the onset of cleavage. The aim here is not to present a further detailed appraisal of the relevant body of work but to draw attention to its limitations and to highlight certain questions that need to be addressed if this issue is to be resolved.
The scope for experimental manipulation of early mammalian embryos was extremely limited until satisfactory techniques for securing their further development in vitro or in vivo had been devised. Until then, most studies on eggs and early embryos were essentially descriptive. Notable among these were the extensive cytological and histochemical investigations of Dalcq and his colleagues (summarized in Dalcq, 1957) . These workers concluded that so-called dorsal and ventral cytoplasmic regions could be distinguished in the egg that defined a plane of bilateral symmetry and that these regions were partitioned to different blastomeres during cleavage. Specifically, it was claimed that, although first cleavage was indeterminate with respect to the bilateral plane, four blastomeres at the 8-cell stage inherited mostly dorsal cytoplasm and the remaining four inherited ventral cytoplasm. In accordance with the then prevailing view, Dalcq et al. proposed a causal connection between cytoplasmic endowment of blastomeres and their fate, with dorsal and ventral cytoplasm specifying the differentiation of inner cell mass (ICM) and trophectoderm cells respectively (Jones-Seaton, 1950; Dalcq, 1957 ; see also Austin, 1961; Balinsky, 1970) . Attempts to reconcile the results of studies on the potency of isolated blastomeres with this hypothesis (Seidel, 1952 (Seidel, , 1960 Tarkowski, 1959a,b) were soon abandoned (Wolstenholme and O'Connor, 1965) . Two points clearly emerged from such experimental studies. One was that the default path of differentiation of isolated blastomeres is to form trophectoderm (Tarkowski and Wroblewska, 1967) . The other was that single blastomeres isolated from 8-cell embryos can contribute progeny to both the ICM and the trophectoderm (e.g. Kelly, 1975 Kelly, , 1977 . Subsequently, it was shown by both intracellular injection of the enzyme horseradish peroxidase and selective surface labelling that the majority of 1/8-blastomeres and occasional 1/16-blastomeres exhibit such a dual fate in intact embryos (Balakier and Pedersen, 1982; Gearhart et al., 1982; Pedersen et al., 1986; Fleming, 1987) . Further experiments in which dissociated blastomeres or entire cleaving embryos were aggregated in various configurations supported the view that the relative position of cells rather than their ancestry was the principal factor determining their fate (Mintz, 1965; Hillman et al., 1972) . This view was encapsulated originally in the 'inside-outside' hypothesis (Tarkowski and Wroblewska, 1967) and later in more specific proposals (reviewed in Gardner, 1983) , of which the 'polarization' hypothesis (Johnson, 1980; is particularly noteworthy.
It is not appropriate here to discuss in detail the large body of experimental work on potency of blastomeres in the mouse, rat and rabbit because most of it was considered in detail in an earlier review (Gardner, 1983) . Since then, a major emphasis has been the extension of such studies to other mammals. The results in a range of species, including the cow, sheep, pig and goat, show that developmental lability is a general property of early blastomeres in mammals (Prather and Robl, 1991) . They also serve to strengthen the notion that the number of cell cycles completed before blastocyst formation is a critical determinant of the potency of isolated blastomeres. Thus, in species like the mouse in which blastulation occurs during the sixth cycle, the ability of isolated blastomeres to form miniature blastocysts is not retained beyond the 4-cell stage (Tarkowski and Wroblewska, 1967) . In those in which blastulation begins after completion of a greater number of cell cycles, miniature blastocysts can be obtained routinely from 1/8-blastomeres. Such findings lend further support to the notion that the presence of a sufficient number of cells before cavitation to allow some to become wholly surrounded by others is a necessary precondition for the differentiation of ICM cells. Nevertheless, recently, doubt has been cast on the widely held assumption that the partitioning of blastomeres can be explained simply in terms of the ratio of surface area to volume in the morula (Rands, 1985; Hardy and Handyside, 1993) . In the mouse, a persisting issue has been whether ICM cells serve as stem cells for the trophectoderm as well as the primitive ectoderm and endoderm during normal development (Cruz and Pedersen, 1985; Pedersen, 1986; Winkel and Pedersen, 1988; Cruz, 1990) . While it is clear that ICM cells can form trophectoderm following destruction or removal of the latter tissue (Handyside, 1978; Hogan and Tilly, 1978; Spindle, 1978; Rossant and Tamura-Lis, 1979; Nichols and Gardner, 1984) , the weight of evidence runs counter to the view that they normally do so (Dyce et al., 1987; Gardner and Nichols, 1991) .
What clearly emerges from these and other experimental manipulations of preimplantation stages of development is that the early mammalian conceptus is a highly regulative system. It is this that has done much to engender the notion that spatial organization in the egg can be dismissed from further consideration as a significant factor in the early development of eutherian mammals. However, the foundations on which this conclusion is based are not entirely secure for several reasons. The first is that one cannot exclude the possibility that the mechanisms operating following experimental intervention are different from those that function during normal undisturbed development. Graham (1971) early made the point that 'cryptic preformation' could not be discounted in the latter circumstances if cleavage occurred so that the outer cytoplasm of the egg partitioned to the outer blastomeres and the inner cytoplasm to inner blastomeres. More recently, Davidson (1986) has also discussed evidence from injection of oil droplets or other lineage labels into blastomeres in situ that is consistent with conservation of the radial organization of the egg in the early embryo.
The second reason for exercising caution is that some experimental findings remain unexplained. One of the most notable is the consistent occurrence of structures termed 'false blastocysts' (Tarkowski, 1959a,b; Tarkowski and Wroblewska, 1967; Rossant, 1976) among the various forms that develop from isolated blastomeres, both in vitro and in vivo. These are unilaminar vesicles which differ from typical trophectoderm vesicles in having a focus of cells that are rounded rather than stretched, therefore superficially resembling an ICM. The nature of these rounded cells remains obscure. A further point of concern is the low frequency with which all blastomeres or pieces isolated from individual cleaving embryos develop into blastocysts. In the case of isolated blastomeres, subtle damage during their isolation or suboptimal conditions of culture can be invoked to account for failure of regulation, although such explanations do not always square with the cell number they finally attain. However, the results obtained by Nagashima et al. (1984) with bisected morulae are not readily explained in this way. By decompacting mouse morulae within their zona, these workers were able to halve most of them both accurately and without destroying any blastomeres. They found that the frequency with which both sister halves formed integrated miniature blastocysts was significantly lower than expected from the rate of successful operation.
In view of such unexplained findings, it is important to note that none of the experimental manipulations undertaken so far on preimplantation mammalian concepti have been related to either the regional cytoplasmic differentiation claimed by Dalcq et al. (see Dalcq, 1957) or to the polarity of the egg. This is because no enduring marker of either facet of egg organization has yet been identified in living concepti. It is worth noting that in sea urchins, whose early development is also highly regulative, polarity is likewise not usually discernible in living untreated eggs. Nevertheless, marked axial organization of their unfertilized eggs became apparent once a reliable way of identifying the animal pole had been found (Schroeder, 1980a,b) .
In addressing the issue of whether egg organization is important in mammals, it is instructive to consider the situation in the sea urchin, whose early development has been the subject of more extensive experimental investigation than any other animal group (reviewed in Horstadius, 1973) . The salient points relating to early development in the sea urchin to which reference is made in the text are summarized in Figure 1 and its accompanying legend. They serve to underline how confused a picture we would have of the regulative properties of the early sea urchin embryo had the various experimental manipulations on it (reviewed in Horstadius, 1973) been done without reference to the axis of polarity of its egg! The final reason why it is premature to discount egg organization from playing an instructive role in the early development of the mammalian embryo is the limited scope of the analysis of experiments on which this conclusion is based. Nearly all studies on regulation have analysed the results solely in terms of cellular diversification, specifically the differentiation of trophectoderm versus ICM. They have ignored the broader issues relating to pattern and form. While the embryo may be spherically symmetrical throughout cleavage, it acquires an obvious polarity once the blastocoele begins to form because the internal population of cells retains only focal attachment to the outer one. Although much attention has been devoted to the study of blastulation (see Fleming, 1992 for a recent review), there is still no satisfactory explanation of how the form of the blastocyst is established. The axis of polarity of the blastocyst, the embryonic-abembryonic axis, corresponds with the dorsoventral axis of the future fetus. In addition, as first observed by Smith (1980 Smith ( , 1985 , the blastocyst is bilaterally rather than radially symmetrical about its embryonic-abembryonic axis by the onset of implantation, and can be assigned an anterior-posterior as well as a dorsoventral axis and hence, by extrapolation, also a leftright axis. The acquisition of bilateral symmetry seems to be an intrinsic property of the blastocyst rather than one that depends on the uterine environment (Gardner, 1990) . The most conspicuous feature of the anterior-posterior axis of the blastocyst is tilting of the ICM/polar trophectoderm complex in relation to the embryonic-abembryonic Figure 1 . Normal cleavage and the consequences of bisection of eggs and 8-cell embryos in the sea urchin. The animal pole is denoted by a vertical line. The very regular pattern of cell division in the first three cleavages is illustrated in A and the similar consequences of meridional versus equatorial bisection of the egg and 8-cell embryo are shown in B and C. Early development in sea urchins resembles that of mammals in several respects. Sea urchins have small, relatively non-yolky eggs which typically lack visible cytoplasmic differentiation and whose cleavage is holoblastic. In addition, their early embryos also exhibit an impressive capacity for regulation following the removal, addition, or rearrangement of blastomeres. Nonetheless, sea urchin embryos betray little evidence of lability in their normal unperturbed development. Use of modern cell labelling techniques has not only confirmed that cell lineage is essentially invariant (Cameron et al., 1987; Davidson, 1989) but has also shown that in certain species both the oral-aboral (dorsoventral) and left-right axes are specified very early in cleavage (Cameron et al., 1989; McCain and McClay, 1994) . Furthermore, there is compelling evidence for developmentally significant spatial patterning of the egg prior to cleavage. A key factor in enabling a link to be forged between the cytoplasmic endowment of blastomeres and their fate in sea urchins is the regularity of cleavage in relation to the A-V axis of the egg. The first two divisions are meridional with respect to this axis and the third is equatorial, as shown in A. The animal-vegetal (A-V) axis is not normally easy to discern prior to cleavage. Cytoplasmic stratification in the form of a subequatorial pigment band is visible only in eggs from a minority of females of a single species, Paracentrotus lividus, and polar bodies seldom survive beyond spawning (Horstadius, 1973; Schroeder, 1980a,b) . However, when present, polar bodies invariably lie either in or close to the jelly canal, which can be made visible with carbon particles and thus shown to provide an enduring marker of the animal pole of the egg. Not only is this canal found to be meridional with respect to the first two cleavage divisions, but it also lies directly opposite the vegetal polar micromeres at the 16-cell stage (Schroeder, 1980a,b) . The basic evidence for localization prior to cleavage comes from a comparison of the developmental potential of bisected embryos and eggs. Blastomeres resulting from the meridional first and second cleavages are all able to form small but essentially normal-looking larvae. However, once the equatorial third cleavage division has occurred, the developmental potential of half embryos depends on the plane of bisection. Thus, while in meridionally bisected 8-cell embryos both halves can form larvae, only the vegetal half can do so following equatorial bisection (C). In conformity with this, assays of the developmental potential of individual blastomeres show that the capacity to form miniature larvae is retained only by those of the vegetal quartet. Like entire animal halves, individual animal blastomeres yield ciliated blastula-like structures which fail to engage in gastrulation (Horstadius, 1973; Gilbert,1994) . When unfertilized eggs are bisected and the resulting halves fertilized, both can embark on development. As illustrated in B, the products of meridionally versus equatorially halved eggs closely resemble those of correspondingly bisected 8-cell embryos in their development (Horstadius, 1937; Maruyama et al., 1985) , implying that axial patterning exists in the egg before fertilization. Because a balance of animal and vegetal blastomeres is needed in order to obtain properly proportioned larvae from later cleavage stages (see Horstadius, 1973) , such patterning was originally envisaged in terms of the two poles of the egg acting as sources of opposing animal and vegetal gradients (reviewed in Runnstrom, 1975) . More recently, Davidson (1989) has advanced a very different view, namely that cytoplasmic localization in the egg specifically governs the differentiation of mesoderm only. The differentiation of all other types of cells is postulated to be conditional on their spatial relationship with those of the mesoderm. axis (Figure 2 ). Since similar tilting is evident in the derivatives of these tissues until beyond the beginning of gastrulation (Figure 2) , it seems very likely, but is as yet unproven, that the anterior-posterior axis of the blastocyst is conserved during post-implantation development of the conceptus. The anterior-posterior axis of the post-implantation conceptus has recently been found to coincide in orientation, but not necessarily in polarity, with that of the Smith (1980) on specimens sectioned in utero. Note that the mural trophectoderm is conspicuously rounded anteriorly compared to posteriorly. Tilting of the inner cell mass (ICM)/polar trophectoderm complex relative to the embryonic-abembryonic (Em-ABem) axis of the blastocyst is particularly obvious in implanting blastocysts because of the circumferential variation in distance of the blastocoelic surface of the ICM from the proximal limit of the transforming (= thickened) mural trophectoderm. The two are closest together posteriorly and furthest apart anteriorly, as is also illustrated in the living implantation stage blastocyst in B. (C) A corresponding tilt, which coincides in orientation but not necessarily in polarity with the A-P axis of the future fetus, is evident in the ectoplacental cone and proximal region of the egg-cylinder early in gastrulation (Gardner et al., 1992) . nascent fetus (Gardner et al., 1992) . Hence it is of interest in relation to specification of the location of the primitive streak to determine how the anterior-posterior axis of the blastocyst is established and whether it is, indeed, conserved through implantation. At present, we do not know either how or when any of these axes are specified in mammals. Among amniotes, the chick seems to be the only species in which the specification of axes has been investigated experimentally. Kochav and Eyal-Giladi (1971) provided strong evidence that the anterior-posterior axis of the chick embryo is determined by gravity.
To summarize, there are a number of grounds for questioning the view that mammals should be set apart from other animals with respect to the mechanism of early development. To some extent, acceptance of this view has been conditioned by the fact that up to, or even beyond, the expanded blastocyst stage mammalian development is unusual in being directed entirely to the formation of extraembryonic tissues. It is only when many of these tissues, which are required to attach the definitive embryo within the uterus and mediate its nutrition, have differentiated that the latter begins to be organized and to grow. Hence, it is generally assumed that organization of the embryo, the earliest sign of which is the formation of the primitive streak, must depend entirely on interactions between cells that begin at or after implantation. To quote Tarkowski and Wroblewska (1967) : 'Appearance of bilateral symmetry in mammalian development as early as in the oocyte, as postulated by Dalcq and Mulnard seems to the present authors very strange and problematical. This is for the very reason that early development is devoted to the formation of extra-embryonic structures and the assumption that since the embryo proper is only formed much later, the bilateral symmetry of the egg would have nothing in common with the bilateral symmetry of the embryo itself.' However, in the absence of any information on axial relationships between egg and embryo this assumption does not rest on a secure foundation. Indeed, in view of the more recent evidence that the pre-gastrulation conceptus is itself bilaterally symmetrical (Smith, 1980 (Smith, , 1985 Gardner, 1990) and that its anterior-posterior axis shares a common orientation with that of the fetus (Gardner et al., 1992) , it is far from compelling.
In the next section, what is known about the organization of the mammalian egg and zygote is discussed. This is followed by a brief review of studies having relevance for the question of how long the maternal genome continues to exert an influence on early development. After this, weaknesses in the case against a role for egg organization in early development, as provided by experimental embryological studies, are exposed. Finally, consideration is given to ways in which a more definitive answer to the question posed in the title of this article might be obtained.
Organization of the mammalian egg

Polarity
By convention, the locus of the first polar body is termed the animal pole of the mature unfertilized mammalian egg, and the diametrically opposite point on its surface is termed the vegetal pole (Balinsky, 1970) . Although the vegetal pole lacks the conspicuous deposits of yolk which make polarity so conspicuous in the eggs of many other species, the mammalian egg is unquestionably a polarized cell. This is evident from the eccentric location of the meiotic apparatus and is readily demonstrated by exposing eggs to fluorescein-conjugated concanavalin (Johnson et al., 1975) or sulphosuccinimido-biotin (Flaherty and Swann, 1993) , both of which give a very much weaker signal in a circular region of the egg surface centred on the animal pole than elsewhere. This region, which is estimated to occupy about one-fifth of the entire surface of the egg, differs from the remainder in lacking microvilli (Eager et al., 1976; Phillips and Shalgi, 1980; Longo and Chen, 1985; Calarco, 1991) and in allowing freer diffusion of general membrane proteins (Wolfe and Ziomek, 1983) . Not infrequently, this microvillus-free region is recognizable as a bulge deforming the surface of the otherwise spherical egg. It has also been shown to be distinctive in possessing a prominent zone beneath the plasmalemma that is devoid of cortical granules and other organelles, but is richly endowed with filaments that have been shown immunocytochemically to be actin (Nicosia et al., 1977; Maro et al., 1984 Maro et al., , 1986 Longo and Chen, 1985; Longo, 1987) . Just beneath the middle of this prominent cortical zone is the spindle of the arrested second meiotic metaphase, which is triggered to enter anaphase by attachment of the fertilizing spermatozoa onto the surface of the egg. Initially, the axis of the spindle is parallel to the surface of the egg, but it becomes roughly perpendicular once telophase has been reached, and the complicated process of cytokinesis leading to abstriction of the second polar body takes place (Sato and Blandau, 1979) . The entire microvillus-free region of the egg may be partitioned to the second polar body as, once this body has formed, the fertilized egg lacks a region with such surface and associated cortical features (Johnson et al., 1975) . The second polar body, by contrast, not only exhibits a mostly microvillus-free surface but is also very poorly endowed with cytoplasmic organelles compared to the egg (Longo, 1987) . Polarization is evident once again at the 8-cell stage, when microvilli become largely confined to the free surface of each blastomere (Johnson and Ziomek, 1981) . However, there are no grounds for believing that the two phases of polarization are related.
That spermatozoa do not normally fuse with the microvillus-free region of the egg surface suggests that this area is differentiated functionally as well as structurally (Eager et al., 1976; Santella et al., 1992) . Evidence that this region is less favourable for sperm binding or penetration than elsewhere has been obtained by comparing rates of in-vitro fertilization in oocytes with a slit in the zona either near or opposite the first polar body (Talansky et al., 1991) .
The site of sperm attachment, which is typically also the site of a temporary bulge in the egg surface, is also microvillus-free until the decondensing paternal chromosomes become sequestered within the male pronucleus (Shalgi et al., 1978) . That the association between the absence of microvilli and the presence of subcortical chromosomes is not fortuitous is evident from the results of studies in which chromosomes were relocated experimentally. By using the microtubule inhibitor nocodazole to disrupt the second meiotic spindle, Johnson and his colleagues were able to induce the dispersal of chromosomes in mature unfertilized mouse eggs. They found that foci of microvillus-free surface enriched for cortical actin filaments invariably occurred wherever peripheral chromosomes were found. Similar findings were made by Van Blerkom and Bell (1986) , who undertook ectopic transplantation of single chromosomes. At present, it is not known what component of the chromosomes induces this spatial differentiation in the plasma membrane and underlying cytoplasm of the egg. Nevertheless, the process appears to depend on microfilaments since it is clearly impaired by cytochalasin B. There is, however, a disparity between the findings of Eager et al. (1976) and Longo and Chen (1985) regarding the effects of this agent. Thus, while the former authors reported that exposure of mature eggs to cytochalasin B caused spreading of the microvilli into the microvillus-free region, the latter authors found that it caused a general reduction in the density of microvilli, accompanied by blebbing.
Among various questions raised by the above findings are the following: when and how during oogenesis is polarity of the egg established? To what extent does it depend on the location of chromosomes that are not enclosed within a nucleus? Does it persist after the second polar body has formed? Longo and Chen (1985) were unable to discern any of the elements of membrane and cortical polarity that characterize mature eggs in oocytes with intact germinal vesicles. However, all elements made their appearance following germinal vesicle breakdown when such oocytes underwent maturation to metaphase of the second meiosis in vitro. These workers found that while the microtubule inhibitor colchicine inhibited spindle formation following germinal vesicle breakdown, it did not prevent movement of the chromosomes to the periphery of the oocyte and the development of polarity. In the presence of cytochalasin B, both germinal vesicle breakdown and spindle formation occurred on schedule, but migration of the spindle with its associated chromosomes was inhibited and polarity failed to develop. If exposure to cytochalasin B was discontinued by 9 h into maturation, migration of the spindle to the periphery of the oocyte was delayed rather than prevented and development of polarity occurred. Interestingly, the only circumstance in which chromosomes that had dispersed to the periphery following inhibition of spindle formation by colchicine were not overlaid by microvillusfree membrane was when they had become surrounded by smooth endoplasmic reticulum (Longo and Chen, 1985) . This further strengthens the view that direct interaction of the chromosomes with the cortex of the egg is necessary for the induction of polarity.
These and other studies argue that cortical polarity of the mature oocyte depends on the peripheral migration of the meiotic apparatus. Is the direction of this migration random or is it determined by polar organization of the oocyte that is established before breakdown of the germinal vesicle? Relatively little attention has been devoted to polarity in earlier oocytes although, according to Dalcq (1957) , the germinal vesicle is itself located somewhat eccentrically in mouse oocytes, but not as conspicuously as in bovine oocytes (Kruip et al., 1983) . Hence, it is conceivable that the meiotic apparatus simply moves to the region of the surface to which it is closest initially. Whether the eccentricity of the germinal vesicle is related to the polarity of the investing follicle, which becomes so obviously asymmetric once it has cavitated, remains unclear.
A rather puzzling finding that has been neglected in the context of the above discussion of the role of chromosomes in the induction of cortical polarity, and which further supports the notion that oocytes with intact germinal vesicles are already polarized cells, is the phenomenon of pseudocleavage. This entails a reversible cytochalasin B-induced subdivision of the germinal vesicle-stage oocyte into a microvillous and an amicrovillous compartment that occurs when it either fails spontaneously to mature in culture or is prevented from doing so by exposure to dibutyryl cyclic AMP (Wassarman et al., 1977a,b) . Here, although the two blastomere-like products of pseudocleavage can vary considerably in relative size, it is the amicrovillous partner that invariably contains the oocyte genome and this is located within an intact germinal vesicle.
Although similar facets of polarity to those outlined above for the mouse have been observed in other rodents, notably the rat and hamster, it is questionable whether they are universal features of egg organization in eutherian mammals. Recently, Santella et al. (1992) reported that secondary human oocytes lack a microvillus-free region in the environs of the first polar body, although local depletion of microvilli could be induced either by ageing oocytes in culture or by exposing them to acidified Tyrode's saline to remove the zona pellucida. These workers also found no evidence of a preferred region of sperm attachment in human oocytes when comparing fertilization rates between those in which an opening was made in the zona pellucida either near or opposite the first polar body (Santella et al., 1992) . This contrasts with the finding of preferential binding of spermatozoa on the opposite side to the polar body in similar experiments on mouse eggs (Talansky et al., 1991) . Earlier, Pickering et al. (1988) reported that the human oocyte differed from its murine counterpart in lacking regional differences in the density of polymerized actin and in having its second meiotic spindle oriented radially rather than paratangentially. The latter finding is in accord with the ultrastructural studies on human oocytes of Szollosi et al. (1986) , although elsewhere the orientation of the spindle is documented as being the same as in the mouse (Sathananthan et al., 1986) . One interpretation of such differences between the human and rodents is that the mammalian egg is not necessarily a polarized cell. Another rather more likely explanation is that the features observed in rodents are not fundamental manifestations of polarity. It is relevant to note in this regard that, while egg polarity is not obvious morphologically in most sea urchins (Schroeder, 1981) , its existence has clearly been demonstrated experimentally (see legend to Figure 1 ; also Horstadius, 1973) .
As illustrated in Dalcq (1957, see Figure 3 ) and noted by Zamboni (1970) , abstriction of the second polar body may occur at some distance from the locus of the first. Whether such disparity in position of the two polar bodies is due to movement of the first or to a shift in the axis of polarity of the egg before formation of the second is not clear. Consistent with the latter possibility is the very recent finding that the second meiotic spindle routinely lies between 30 and 45° of arc from the first polar body (Calarco, 1995) . However, in zygotes in which both polar bodies persist, they usually lie adjacent to one another (R.L. Gardner, unpublished observations) .
What about the persistence of polarity once the second polar body has formed following sperm penetration? Because polar bodies almost invariably lie in the interblastomeric groove at the 2-cell stage, the plane of first cleavage is generally assumed to be meridional with respect to the animal-vegetal (A-V) axis of the egg (e.g. Howlett and Bolton, 1985) . However, the location of polar bodies following the completion of first cleavage may give a misleading impression of the fidelity with which this division is oriented. The marked elongation of the zygote that occurs during cytokinesis leads to occlusion of the perivitelline space away from the cleavage furrow, and might thereby tend to squeeze surviving polar bodies towards the nascent interblastomeric groove. Hence, if attachment of the polar bodies to the vitellus is either weak or extensible, even random orientation of first cleavage could account for their consistent disposition in the groove at the Gulyas (1975) . Through rotation of one parent 2-cell blastomere during second cleavage or of its daughters thereafter, the animal-vegetal (A-V) axis of one-half of the embryo comes to lie at an angle of ~90 _ to the other (C). Onset of counter-rotation of blastomeres during third cleavage (D) could eventually lead to restoration of a common orientation of the A-V axis in the two halves of the conceptus by the blastocyst stage. (E and F) Views of the mouse zygote from the side (E) and from the animal pole (F). According to Dalcq and his colleagues (see Dalcq, 1957) , the boundary between dorsal (blank) and ventral (boldly stippled) cytoplasm is slightly oblique to the A-V axis of the zygote. Furthermore, the orientation of meridional first cleavage is claimed to bear no fixed relationship to the bilateral plane that these two cytoplasmic territories define (dashed line in F). Hence, equatorial division of zygotes (E) would be expected to lead consistently to more balanced partitioning of the two types of cytoplasm to both daughter 1/2-blastomeres than meridional division (F). Accordingly, if significant patterning resided in dorsal and ventral cytoplasm, both products of equatorial division would be expected to develop normally more often than both products of meridional division. Conversely, if patterning of the egg or zygotes was axial in mammals, as it is in the sea urchin (see Figure 1) , better development of sister 1/2-blastomeres would be expected following meridional than equatorial division. Obviously, the absence of any effect of orientation of first cleavage on the developmental potential of sister 1/2-blastomeres would argue against patterning of the egg, except radially. Such testing of the developmental potential of sister 1/2-blastomeres would seem a more promising way of assessing the importance of egg organization than studying 1/8-blastomeres in mammals for two reasons. First, because cleavage is indeterminate there will be variability between concepti at the 8-cell stage in the number of blastomeres inheriting only dorsal or ventral, as opposed to both types of cytoplasm. Second, unambiguous identification of 1/8-blastomeres belonging to the vegetal versus animal quartets, which is vital for assessing the significance of axial organization of the zygote, is precluded by rotational cleavage.
2-cell stage. In a recent study, Evsikov et al. (1994) have claimed that 'Position of the second polar body on the surface of the 2-cell embryo demonstrates that the cleavage furrow passes irrespective of the (presumed) axis of zygote symmetry'. However, this claim seems to be based on examination of a very small number of 2-cell concepti. Clearly, this is an important issue to settle since, if first cleavage is found consistently to be meridional, it would imply that the egg remains anisotropic after completion of meiosis. The alternative possibility that the polar bodies themselves play an orienting role seems unlikely. Although the first polar body typically degenerates before first cleavage (Austin and Bishop, 1957; Austin, 1961) , the second usually survives well beyond that stage (Lewis and Wright, 1935; Longo, 1987) . Both the size and shape of second polar bodies are variable. While some are large enough to deform the adjacent surface of the egg, others are more readily accommodated within the perivitelline space. Hence, a direct mechanical influence of polar bodies on the egg would not provide a general mechanism for determining the orientation of first cleavage. That the second polar body can exert an effect on the vitellus other than by deforming it is evident from a study of the autonomous cortical activity of mouse eggs by Waksmundzka et al. (1984) . These workers found that when anucleate fragments of eggs carried a second polar body, their fragmentation was both less frequent and more often reversible than when they did not. Furthermore, since the second polar body is occasionally labelled with horseradish peroxidase following injection of this enzyme into one blastomere at the late 2-cell stage (R.L.Gardner, unpublished observations), it can sometimes retain a direct channel of communication with the vitellus well beyond first cleavage. However, whether the orientation of first cleavage is affected by removal or destruction of the polar bodies is another question that has yet to be answered.
If the orientation of first cleavage proved to be very regular during normal development, material from all axial levels of the egg would invariably be present in both blastomeres at the 2-cell stage; however, if it varied considerably, this would not always be the case. As discussed earlier, this issue of the variability has yet to be addressed critically in the context of normal development. Also lacking is any information on whether the orientation of first cleavage can be altered experimentally in mammals. If this were possible, it would provide a way of ascertaining whether the pattern of cleavage is important for normal development. Another way of tackling this issue would be by bisecting eggs, a procedure that has, as noted earlier, proved very instructive in the sea urchin (Horstadius, 1937) . Tarkowski devised an efficient way of bisecting fertilized mouse eggs with the aim of producing pairs of equal-sized egg fragments that both contained a pronucleus. This required varying the plane of bisection, but in relation to the position of the male pronucleus rather than the axis of polarity of the egg. While such haploid half-eggs could develop into morphologically normal-looking blastocysts, they did so infrequently, and in only a single case did both halves from a single zygote do so (Tarkowski and Rossant, 1976; Tarkowski, 1977) . However, as the authors pointed out, not only were conditions both in vivo and in vitro suboptimal for development of the fragments but, in addition, approximately one quarter (half the andromerogones) were expected to arrest early in cleavage through lack of an X chromosome. Hence, it is not possible to gauge from these experiments whether division of eggs other than parallel to the A-V axis is likely to be of any consequence for the subsequent development of the resulting halves.
Cytoplasmic differentiation
Observations on living as well as on fixed and stained specimens led Dalcq and his colleagues to conclude that the cytoplasm of the egg in a variety of mammals was differentiated into two regions whose interface was somewhat oblique to the A-V axis and served to define a plane of bilateral symmetry (reviewed in Jones-Seaton, 1950) . Furthermore, at least in murine rodents, the orientation of the supposedly meridional first cleavage was claimed to be variable with respect to this bilateral plane (Dalcq, 1957) , with the implication that partitioning of the two cytoplasmic regions between sister 1/2-blastomeres varied from embryo to embryo: in other words, cleavage was indeterminate (see Figure 3 ). Distinguishing these cytoplasmic regions was claimed to be easier in the rat than in the mouse (Jones-Seaton, 1950) . However, evaluation of these findings is complicated by the fact that much of the pictorial evidence for localization is presented in diagrammatic form rather than as photographs of eggs or embryos.
Differences in texture of the cytoplasm of living eggs and preimplantation embryos that are readily discernible by standard bright-field light microscopy occur between certain strains of mice (Braden, 1959; Mintz, 1964) . These relate to the degree of aggregation of large refractile and birefringent granules which Braden (1959) assumed to be composed of lipid. Whether the large inclusions that characterize the C57BL/6 strain might help to reveal any consistent features of cytoplasmic organization is perhaps worth exploring further. According to Braden (1959) , aggregation of these granules occurs during the final maturation of oocytes, the resulting aggregates being mainly concentrated in the hemisphere containing the second meiotic metaphase in freshly ovulated eggs. However, their uneven distribution is evidently transient, being no longer discernible in eggs with well developed pronuclei. Braden (1959) failed to discern an asymmetry in their distribution among blastomeres during cleavage. Earlier, Gresson (1942) claimed that yolk globules, which are presumably different from the granules studied by Braden, are more abundant in the hemisphere opposite the spindle complex and polar bodies during the period of meiotic division and pronuclear development in the mouse. Complex changes in the distribution of mitochondria have also been documented during maturation of the mouse oocyte and following fertilization (Van Blerkom and Runner, 1984) . These have been further clarified very recently by Calarco (1995) using fluorescent mitochondrial markers in conjunction with confocal microscopy. This approach has revealed that these organelles are almost entirely confined to the animal hemisphere in mature oocytes, with their boundary just distal to the equator being defined sharply by a cortical band.
Apart from Denker (1976) , who has reported cytoplasmic differences between blastomeres in the rabbit, none of the more recent studies on eggs or early embryos has revealed further evidence of regional cytoplasmic differentiation in mammals. Even in Denker's study, the observed differences were not traced back to the egg. Therefore, except for the supposedly meridional orientation of first cleavage, there is little to suggest that the mammalian zygote remains anisotropic once pronuclear development has been completed.
In recent ultrastructural studies, mammalian eggs and early embryos have been found by use of embedment-free sectioning to contain special cytoskeletal elements which are claimed to be peculiar to mammals. While showing obvious species variation, these take the form of sheets composed of both filamentous and particulate components (Gallicano et al., 1992) . In the hamster, such sheets form shortish whorls in the egg, but become longer and polarized in blastomeres, where they are linked to the plasma membrane. Furthermore, they become depleted specifically in trophectoderm as opposed to ICM cells at the blastocyst stage (Capco and McGaughey, 1986) . In the mouse, the planar elements are narrower than in the hamster and are not so completely depleted from the trophectoderm. Investigation of the molecular nature of such sheets is still at an early stage, although they show a periodicity that is consistent with the presence of intermediate filaments (McGaughey and Capco, 1989; Gallicano et al., 1991; Capco et al., 1993) . Whether these sheets possess a larger scale arrangement that bears a consistent relationship to the axis of polarity of the egg or its descendant blastomeres has yet to be ascertained.
A way of assessing the importance of cytoplasmic organization is to investigate what happens when it is perturbed. Centrifugation of fertilized pronucleate mouse eggs at 75 000-90 000 g for 30 min at 37°C had no discernible adverse effect on their subsequent development to day 13 of gestation (Mulnard and Puissant, 1984) . A moderate degree of stratification of the cytoplasm was produced which varied in orientation with respect to the second polar body and persisted for at least 8 h. As the centrifugal force approached 90 000 g, a mass of lipid material was expelled at the centripetal pole which endured as a subzonal aggregate to the blastocyst stage. The lack of any effect on development of this harsh treatment suggests that, if correct partitioning of localized factors is significant, these are either not displaced by centrifugation or are restored to their original location before cleavage. Negative results were also obtained in earlier experiments in which the cytoplasm of 2-cell mouse embryos was stratified by subjecting them to a centrifugal force of up to 50 000 g (Mulnard, 1971 ). Using even greater centrifugal forces, Tellez et al. (1988) were unable to discern ultrastructural changes in the cortex of 2-cell blastomeres. Lack of any lasting effect of centrifugation of the egg on development is not peculiar to mammals (Jeffery, 1989) .
More recently, a novel way of perturbing the cytoplasmic organization of the mouse egg, termed 'scrambling', has been reported by Evsikov et al. (1994) . It depends on using a piezoelectric element to produce a rapid 2-3 µm rotation of the tip of a glass microneedle. No adverse effect on subsequent development was observed after the cytoplasm of pronucleate eggs had been rotated thus for 10-20 s in the presence of cytoskeletal inhibitors. Evsikov et al. interpreted their findings as proof that early development does not depend on the segregation of cytoplasmic determinants in the mouse. However, it has yet to be demonstrated that 'scrambling' is capable of disrupting development in a species whose eggs do show cytoplasmic localization. Without this, the negative results in the mouse could simply reflect the resistance to disruption of the localization of determinants rather than their absence from the egg. Evsikov et al. (1994) admitted that they could not discount the possibility that the cortical cytoplasm remains undisturbed during 'scrambling'.
An extragenetic role of spermatozoa?
In some species, as well as introducing a paternal genome into the egg, the fertilizing spermatozoon induces cytoplasmic rearrangements that are of profound significance for subsequent morphogenesis (e.g. Jeffery, 1992) . That the spermatozoon might also have an extragenetic role in mammals was offered as one explanation for the failure of diploid parthenogenetic concepti to develop to term. However, with the advent of a satisfactory method of nuclear transplantation in mammals (McGrath and Solter, 1983) , it was possible to show that parthenogenetically activated eggs could develop normally providing they contained both a male and a female pronucleus (Mann and LovellBadge, 1984) . Interpretation of these nuclear transplantation results in terms of non-equivalence of the two parental genomes was supported by independent evidence based on the contrasting phenotypes of mice that inherited both copies of certain autosomal regions maternally versus paternally (e.g. Cattanach, 1986) . Formally, however, an extragenetic role for the spermatozoon cannot be discounted by transplanting karyoplasts which include considerably more of the egg than just the nuclear genome.
Both observations and manipulations on the mouse egg and zygote support the view that centrosomes are of maternal rather than paternal origin in this species (CalarcoGillam et al., 1983; Maro et al., 1985; Schatten et al., 1985 Schatten et al., , 1986 Schatten et al., , 1991 , though evidently not in all mammals (see Schatten et al., 1991) . However, while ultrastructural studies suggest that there is generalized degradation of most sperm organelles that are incorporated into the mammalian egg (Szollosi, 1965) , it is clear from recent work that paternal mitochondrial DNA can survive (Gyllensten et al., 1991) . Also, most intriguingly, mouse eggs fertilized in vivo with spermatozoa that have been labelled with tetramethylrhodamine isothiocyanate exhibit a small discrete focus of fluorescence which is still discernible at the 8-cell stage (Gabel et al., 1979) . This focus, which is almost invariably confined to a single blastomere, was originally thought to be associated with the cell membrane. However, in further studies on sea urchin embryos where the corresponding foci persist to the blastula or even the pluteus stage (Gundersen and Shapiro, 1984) , they were found to lie in the cytoplasm rather than in the membrane (Gundersen et al., 1982) . In related studies on sea urchin embryos, some sperm-derived proteins were found to persist for a similar length of time to the fluorescent focus (Gundersen et al., 1986) . Whether the plane of first cleavage bears any consistent relationship to this focus, and hence to the point of sperm entry, has not yet been investigated in the mouse. Also left unanswered is whether the presence of the focus is of any consequence for the fate of the blastomere that inherits it. That it might be is prompted by Bennett's (1982) claim that the ½-blastomere which acquires the region of the egg penetrated by the fertilizing spermatozoon is invariably the first to complete second cleavage in the mouse. According to the findings of Graham and Deussen (1978) , this blastomere should consistently contribute more descendants to the ICM than its later dividing sister. However, until Bennett's claim has been substantiated, it would be premature to conclude that a component of the spermatozoon is responsible for this effect. Hence, while is it evident that some of the extranuclear components of the spermatozoon that are incorporated into the egg during fertilization can endure, the significance of this for subsequent development remains obscure.
How long does the influence of the maternal genome endure in mammalian development?
In terms of cell number, but not in time elapsed since fertilization, the transition from maternal to zygotic genome function begins very precociously in mammals compared to other species (Telford et al., 1990) . Thus, in the mouse, development depends exclusively on the maternal genome only until the late 1-or early 2-cell stage (Braude et al., 1979; Flach et al., 1982; Bolton et al., 1984; Ram and Schultz, 1993) . What is less clear is when this transition is concluded, i.e. when the stock of products of maternal transcription is finally exhausted. Substantial degradation of maternally encoded mRNA coincides with activation of the zygotic genome during the second cell cycle (Bachvarova and De Leon, 1980; Piko and Clegg, 1982; Clegg and Piko, 1983) . This, coupled with the fact that development is already susceptible to blockage by α-amanitin by this stage (Flach et al., 1982) , has served to foster the impression that the transition is completed rapidly (see e.g. Flach et al., 1982; Graves et al., 1985; Taylor and Piko, 1987) . However, this view is contradicted by evidence from various sources.
While it is accepted that most maternal mRNA is degraded by the end of the second cell cycle, it has nevertheless been argued that some persists to the blastocyst stage (Bachvarova and De Leon, 1980; Fourcroy, 1982; Bachvarova and Moy, 1985) . Even though greatly diluted by zygotic transcripts, this mRNA might still play a significant role in early development. However, neither the identity of the persisting maternal transcripts nor, indeed, whether any of them are translated, has been established. Nevertheless, there is evidence both from the study of mutants and the activity of certain enzymes that products of transcription of the maternal genome can endure well past the stage when zygotic genes are first expressed.
In concepti that are homozygous for oligosyndactylism (Os/Os), normal development ceases at the blastocyst stage, with only the endo-reduplicating cells of the mural trophectoderm surviving thereafter (Van Valen, 1966; Paterson, 1979) . Death of all the remaining cells seems to be related to the blockage of mitosis early in anaphase (Magnuson and Epstein, 1984) . This suggests that maternal provision of a gene product that plays an essential housekeeping role in cell replication is adequate to sustain development through the first six or so cycles. However, as Magnuson and Epstein (1984) point out, there remains the less likely alternative that the mutation is in a gene that is required for cell cycling beyond the blastocyst stage. No such qualification is necessary in the case of targeted disruption of the gene for E-cadherin or uvomorulin (Larue et al., 1994) , a molecule that plays an essential role in morphogenesis of the blastocyst . Although homozygous mutant concepti gave rise to ES cells that were more loosely associated than usual and completely lacked immunoreactive E-cadherin, they were them-selves positive for the molecule up to an advanced blastocyst stage. Despite showing progressively weaker immunofluorescent staining for E-cadherin than their heterozygous and wild-type littermates as cleavage advanced, the homozygotes were nevertheless able to complete compaction before becoming phenotypically abnormal. Hence, significant functional maternal protein or mRNA must endure to account for the normality of development to the blastocyst stage in the absence of zygotic transcription of the gene (Larue et al., 1994) .
Studies on the activity of two enzymes are particularly illuminating in the present context: hypoxanthine phosphoribosyl transferase (HPRT), which is encoded by an X-linked gene, and glucose phosphate isomerase (GPI). From a comparison of HPRT activity in concepti from XO versus XX mothers, Monk and Harper (1978) concluded that maternally provided enzyme predominates until the early morula stage. Furthermore, the effects of cycloheximide and α-amanitin on the activity of HPRT were consistent with synthesis of the enzyme on maternal mRNA continuing until the 4-8-cell stage (Harper and Monk, 1983) . GPI exists in several electrophoretically distinct allelic forms, so that maternally and zygotically encoded enzyme molecules can be distinguished unequivocally from each other. Maternal allozyme activity continues to be detectable until after implantation, finally disappearing between the sixth and seventh day post-coitum (Gilbert and Solter, 1985; West et al., 1986) .
The foregoing studies leave no doubt that products of expression of the maternal genome can persist in a functional state throughout preimplantation development in the mouse. So far, however, none of the genes for which this has been demonstrated fall into the 'developmental' as opposed to 'housekeeping' category. The fact that no maternal effect mutations that clearly perturb patterning in early development have yet been identified in mammals is not surprising in view of the difficulty of screening for them in this group. Parenthetically, use of the term 'oocyte' genome is perhaps more appropriate than 'maternal' genome in the mammalian context, since the macromolecular endowment of the egg appears to depend little if at all on the biosynthetic activity of surrounding follicle cells.
Weaknesses in the case against a role for egg organization
The case for discounting egg organization from playing a significant role in the early development of mammals rests on the remarkable regulative capacity of preimplantation concepti that has been revealed by subjecting them to a variety of experimental manipulations. These manipulations are essentially adapted from the basic repertoire of experimental embryological procedures, namely testing the developmental potential of isolated blastomeres and of aggregates formed by combining two or more entire concepti. One factor complicating the interpretation of all such experiments has been the lack of specific markers for reliably identifying the different cell types of the preimplantation conceptus in situ. Thus, the regrettable situation has arisen whereby cells are said to differentiate according to their relative position and relative position has usually been employed as the sole criterion for identifying their type.
Blastomere isolation experiments
In the mouse, normal development to term has only been recorded for 1/2-blastomeres (Tarkowski, 1959a,b; Hoppe and Whitten, 1972) . While all 1/4-blastomeres from an individual 4-cell conceptus can form miniature blastocysts (Tarkowski and Wroblewska, 1967; Rossant, 1976 ), many of which are able to induce decidua, there is only a single reported case of a 1/4-blastocyst yielding a morphologically normal postimplantation conceptus in utero. This was a very early egg-cylinder stage recorded on the sixth day of gestation which is unlikely to have developed much further (Rossant, 1976) . Whether 1/2-and 1/4-blastocysts exhibit the features of bilateral symmetry typical of their normal counterparts (Smith, 1980 (Smith, , 1985 Gardner, 1990) has not yet been investigated. Single blastomeres from 8-cell mouse concepti seldom form miniature blastocysts, most producing trophectoderm vesicles. The remainder yield either the enigmatic 'false' blastocysts with an external focus of ICM-like cells, discussed earlier, or 'non-integrated' forms. The failure of 1/4-and 1/8-blastomeres to regulate their development is attributed to their inability to form sufficient cells prior to blastulation to allow some to be wholly enclosed as ICM precursors. Hence, their potential for developing beyond the blastocyst stage has been tested by combining them with additional 'carrier' blastomeres from which they are distinguished by means of genetic or other cell markers (Kelly, 1975 (Kelly, , 1977 . Such tests have been used specifically to address the question of whether such blastomeres retain the ability to form both trophectoderm and ICM cells. They have provided compelling evidence that all 1/4-blastomeres can retain this ability, as can some 1/8-blastomeres. Given inevitable technical failures, implantation losses, and lack of control over cell deployment which will affect the allocation process, it is probably impractical to establish whether all 1/8-blastomeres remain totipotent using this approach. In species such as the rabbit and sheep in which blastocyst formation begins when the cell number is greater than in the mouse, isolated 1/8-blastomeres have been found to be capable of normal development to term (Moore et al., 1968; Willadsen, 1981; Fehilly and Willadsen, 1986) . However, because the proportion of blastomeres showing such complete regulative ability is low, the question of whether all 1/8-blastomeres retain totipotency remains open, even in these more tractable species. This is an important shortcoming of the studies on isolated blastomeres since, for critically addressing the issue of whether axial organization of the egg might be instrumental in initiating cellular diversification or patterning in the conceptus, comprehensive data on cell potency at the 8-cell stage are particularly vital. To appreciate this, it is necessary to consider how the early cleavage planes relate to the A-V axis of the egg in mammals.
As illustrated in Figure 1 , in the sea urchin, the first three cleavages are regular, the first two both being meridional but perpendicular to each other, while the third is equatorial. In mammals, the disposition of blastomeres at the 4-cell stage is much more variable than in the sea urchin, with a crosswise arrangement being commonly observed in a range of species (Figure 3 ). This pattern of cleavage has been termed rotational by Gulyas (1975) , who used timelapse cinematography to analyse it in detail in the rabbit. According to Gulyas (1975) , the polar axis of one hemisphere of the egg rotates by 90° with respect to the polar axis of the other hemisphere, either prior to or during second cleavage. Gulyas claims, furthermore, that the third cleavage is equatorial with respect to the daughters of both the non-rotated and the rotated ½-blastomere. Therefore, despite the very different arrangement of blastomeres at the 8-cell stage in mammals and sea urchins, the relationship of planes of cleavage to the axis of polarity of the egg may be similar in both groups (cf. Figures 1 and 3) . The implication is that, once the third cleavage has occurred in mammals, no blastomeres containing material from all axial levels of the egg should be present. Hence, the 8-cell stage conceptus should be composed of four vegetal and four animal blastomeres which, if developmentally significant axial patterning of the egg exists in mammals, might be expected to differ in developmental potential. It is worth recalling that in sea urchins, in which axial organization of the egg is clearly significant for early development, the vegetal blastomeres resulting from equatorial third cleavage retain much greater regulative ability than their animal counterparts (see Figure 1 ; also Horstadius, 1973) . However, the analysis of early cleavage in mammals provided by Gulyas (1975) is based on the assumption that first cleavage is regularly meridional which, as discussed earlier, has yet to be confirmed.
The current view is that spatial organization is established during rather than before cleavage in mammals and therefore conforms to radial symmetry rather than being related to one or more defined axes. In the mouse, the initial step in formation of distinct populations of inside (= ICM precursor) and outside (= trophectoderm precursor) cells is set at fourth cleavage following apical polarization of all 1/8-blastomeres. Most 1/8-blastomeres divide differentially to yield an inner apolar and an outer polar daughter, the remainder dividing conservatively to give two outer polar daughters (Johnson and Ziomek, 1981) . It is clear that the proportion of 1/8-blastomeres engaging in one or the other pattern of division is variable (e.g. Fleming, 1987) , implying that at least some can exercise either option. However, proof of strictly radial organization of the 8-cell conceptus would require demonstrating that all eight blastomeres are able to divide according to one or other of these two patterns. Otherwise, the possibility that only some blastomeres are endowed with this ability cannot be discounted. That very complex patterns of cleavage can be pre-programmed maternally is evident from a recent study of early development of devitellinized Caenorhabditis elegans embryos in the presence of high concentrations of α-amanitin (Edgar et al., 1994) .
At present, there is not enough information on blastomere polarization in other eutherian mammals to enable any general conclusions regarding its significance in initiating cellular diversification to be drawn (Johnson, 1996) . Reservations about the general validity of findings in the mouse have been expressed, particularly in relation to studies in the pig, where internalization of blastomeres can occur as early as the 4-cell stage (Boerjan and te Kronnie, 1993) , but whose timing may vary with breed (Papaioannou and Ebert, 1988) . The claim that the rat conceptus often retains the form of a more or less flat plate rather than a ball of cells until the 16-cell stage or beyond (Jones-Seaton, 1950) suggests the need for further comparative studies even among rodents.
It is important to keep in mind that the polarization hypothesis and the implied radial symmetry of the early conceptus relate specifically to the differentiation of the two types of cell of the blastocyst rather than its overall form. That such a mechanism of cytodifferentiation could operate in conjunction with axial patterning of the egg to generate a clearly non-radially organized blastocyst cannot be dismissed at present.
Aggregation experiments
Experiments involving the addition of cells to the early conceptus appear to offer more compelling evidence against a role for egg organization in early development than those on isolated blastomeres because they more often give an entirely normal outcome. Particularly persuasive are studies entailing the aggregation of whole morulae in pairs or in larger groups. Such aggregates almost invariably form single integrated blastocysts, although whether the latter show typical bilateral symmetry has not been examined. To date, the largest blastocysts to be returned to the uterus were the product of aggregation of 15 individual morulae (Hillman et al., 1972) . Four out of six transferred produced fetuses that appeared normal in size and morphology on the 13th day, but none of these survived to term. The largest blastocysts from which viable offspring have been obtained were aggregates of between five and nine morulae (Petters and Mettus, 1984) . These gave a mean rate of normal development to term of only 6.2%, compared to 39% for standard controls. However, by far the most extensive data on the developmental potential of giant blastocysts relate to those formed from pairs of morulae. These often rival unmanipulated standard blastocysts in their ability to develop normally to term. The only abnormalities that have been recorded in aggregation chimaeras relate to sexual differentiation, and are an infrequent manifestation of the fact that these organisms are commonly composed of both XX and XY cells (Mintz, 1969; McLaren, 1976) . General malformations, including partial or complete axial duplication, which are the sorts of anomalies produced by comparable manipulations on embryos of non-mammalian species (e.g. Spemann, 1938; Horstadius, 1973) , have never been reported, though cases of complete twinning have been recorded (Appendix 1). However, there are two considerations that need to be kept in mind when assessing the significance of the regulative ability of multi-conceptus aggregates in mammals. The first is that, even in highly regulative embryos, egg organization may still play a role in patterning in undisturbed development. This is illustrated particularly clearly by recent studies in sea urchins which show that while regulation of the oral-aboral (dorsoventral) axis and bilaterality may occur up to the late blastula stage in manipulated embryos, both are normally specified at the onset of cleavage (Cameron et al., 1989; McCain and McClay, 1994) . The second consideration is that early mammalian concepti are unusual in being subject to growth constraints which serve to annul increases in size before the onset of gastrulation (Buehr and McLaren, 1974; Lewis and Rossant, 1982; Rands, 1986) . This poorly understood process of size regulation is discussed in greater detail later.
These considerations aside, for the case against a role for egg organization provided by aggregation experiments to carry conviction, it is essential that the following conditions are fulfilled. The first is that the participating concepti are randomly oriented with respect to each other at the onset of aggregation. The second is that the formation of unitary integrated blastocysts is accomplished without extensive rearrangement of cells, and the third is that major remodelling through selective cell death can be discounted. When studies that have been undertaken thus far are examined critically in these terms, they are not altogether compelling.
The possibility that cleavage stages settle in a preferred orientation has not been considered, even though they are conspicuously non-spherical, particularly when they have been divested of the zona pellucida. In denuded 8-cell concepti, which are most frequently used for aggregation, the blastomeres are often arranged in two flattened rhomboidshaped tiers of four (Graham and Deussen, 1978) . That such concepti might, for example, tend to lie with their plane of first cleavage horizontal, clearly warrants investigation.
In early studies, Mintz (1964 Mintz ( , 1965 combined increasing numbers of mid-cleavage concepti in complex arrays so as to reduce the scope for cell sorting prior to blastulation, which was not significantly delayed by such an action. In some experiments, one of the participating concepti was labelled with [ 3 H]thymidine so that cell deployment could be examined directly. Mintz (1965) concluded that, apart from tending to remain together in clumps, the distribution of labelled cells was very variable and showed no specific patterns. However, no detailed data were presented to substantiate this conclusion, nor was any indication provided of how the patterns were analysed. More persuasive was the study of Hillman et al. (1972) , who showed that in some giant blastocysts obtained after surrounding a single labelled morula with 14 unlabelled ones, all the labelled cells were confined to the ICM. However, the possibility that trophectoderm cells can become located ectopically in the ICM in these circumstances is difficult to discount without the simultaneous use of specific markers of cell type. The only study in which the distribution of cells of component concepti in chimaeric blastocysts was examined in detail was that of Garner and McLaren (1974) . These workers undertook a statistical analysis of the frequency of association of like versus unlike cells in the trophectoderm, in the ICM, and between the two tissues, in six blastocysts produced by aggregating [ 3 H]thymidine-labelled and unlabelled morulae in pairs. They concluded that little if any cell mixing occurred during the first two cycles following aggregation. Of course, such experiments only address the question of deployment of cells between the participating morulae. Whether rearrangement of cells within morulae consistently accompanies aggregation has yet to be investigated.
However, the greatest uncertainty in interpreting the significance of aggregation experiments concerns the possible involvement of cell death (Appendix 2) (Wyllie et al., 1980; Dexter et al., 1994) . Dead cells have been observed routinely in blastocysts of several mammalian species (Wilson and Smith, 1970; El-Shershaby and Hinchliffe, 1974; Copp, 1978; Enders and Schlafke, 1981; Mohr and Trounson, 1982; Handyside and Hunter, 1986; Hardy et al., 1989) , well before the start of gastrulation. Thus, in terms of stage, the onset of cell death is unusually early in mammals. In the mouse blastocyst, apoptotic cells are first seen before loss of the zona pellucida, and are located largely, if not entirely, in the ICM (El-Shershaby and Hinchliffe, 1974; Handyside and Hunter, 1986) . El-Shershaby and Hinchliffe (1974) estimated that the number of dying cells per blastocyst was 6-8, which translates into an apoptotic index of up to 10% for the entire blastocyst and at least 25% for the ICM. Nevertheless, the possibility that regulation of both size and pattern in composite concepti might be mediated by cell death has never been seriously entertained. This is almost certainly because no conspicuous increase in the incidence of dead cells has been observed in such composites during the period when size regulation takes place. However, recent studies on various organs and tissues have revealed that dead cells can be cleared so rapidly by phagocytosis that deceptively modest apoptotic indices can be associated with very substantial cell death (e.g. Perry et al., 1983; Shortman et al., 1990; Barres et al., 1992; Coles et al., 1993; Raff et al., 1994) . When one considers what is known about the development of composite concepti in the mouse, it is difficult to escape the conclusion that cell death is involved in their rapid restoration to normal size. The following is a brief review of the salient observations on giant concepti produced by aggregating either two or four morulae, which are the only composites in which the processes of allocation and size regulation have been investigated.
At the blastocyst stage, the total cell number in double and quadruple composites is, respectively, roughly twice and four times that in standard concepti. Although such giant blastocysts appear unremarkable in overall form, they are abnormally proportioned, having a higher than normal ratio of ICM to trophectoderm cells (Buehr and McLaren, 1974; Rands, 1985) . In doubles, cells of the two component morulae have been found to be allocated fairly equally to both the ICM and trophectoderm (Garner and McLaren, 1974) . Postimplantation concepti derived from both double-and quadruple-sized blastocysts are invariably normal in size and proportions before the onset of gastrulation (Buehr and McLaren, 1974; Lewis and Rossant, 1982; Rands, 1986) . It is generally agreed that downward size regulation is achieved by retardation of growth rather than acceleration of differentiation. Lewis and Rossant (1982) have argued that the necessary growth retarda- On the assumption that downward size regulation does not entail cell death (see Lewis and Rossant, 1982) , by 6.5 days aggregation chimaeras would, as shown, be expected to differ from standard concepti in being composed of roughly twice as many founder cell clones which were, on average, half as big. Clones are represented as strictly coherent patches simply for ease of depicting size differences.
tion is accomplished by a general lengthening of the cell cycle rather than through the death of surplus cells. Were this the case, one would expect the typically balanced chimaeric composition of the ICM in giant blastocysts (Garner and McLaren, 1974) to be conserved in its postimplantation primitive ectodermal and primitive endodermal derivatives. Hence, at the beginning of gastrulation, when size regulation has been completed, both tissues in composite concepti should differ from normal in containing more than twice (or four times) the normal number of founder cell clones, each of which should, on average, be about one-half (or one-quarter) the normal size (see Figure 4) . Some of the offspring obtained from aggregated morulae that appear non-chimaeric externally have proved to be so internally (e.g. Mintz and Silvers, 1967; McLaren, 1976) Nevertheless, a substantial proportion of composite concepti yield offspring that are unquestionably non-chimaeric (Mintz, 1969; Mullen and Whitten, 1971; McLaren, 1976) , even when they are produced by aggregating three or more genotypically distinct morulae rather than just two (Markert and Petters, 1978; Petters and Markert, 1980) . The selective elimination of cells of one genotype from the fetus during the course of its prenatal development may occur in certain cases (Mintz and Silvers, 1967; Mintz, 1969 Mintz, , 1971 McLaren, 1976) . However, genotype-specific cell selection cannot account for the non-chimaeric offspring that are obtained from composites produced by the aggregation of congenic concepti or those from pairs of inbred strains that give 'balanced' chimaerism (Mullen and Whitten, 1971) . Here it is necessary to consider other explanations for the not infrequent absence of cells of one or more of the component concepti from the fetus. The strongly preferred explanation is that they were allocated entirely to other tissues of the conceptus, such as the trophectoderm, the primitive endoderm, or the various extra-embryonic derivatives of the primitive ectoderm. Mintz (1971) has suggested that this occurs because the fetus originates from a small, fixed number of founder cells, regardless of the size of the conceptus. However, as emphasized by Buehr and McLaren (1974) , allocation based on a proportionate mechanism would appear much more plausible biologically than one involving specific numbers of cells. To establish that the absence of cells of one genotype from the fetus is due to their having been allocated elsewhere obviously requires the scoring of all tissues of postimplantation concepti for chimaerism.
At present, the only relevant study is one undertaken by West et al. (1984) in which, in addition to the fetus, all extra-embryonic tissues of composite concepti except those of trophectodermal origin were scored for chimaerism. In this study, 21 normal concepti originating from aggregated pairs of partially congenic morulae were recovered on the 13th day of gestation, of which only 12 proved to be chimaeric. Six of the 12 chimaeras had cells of both genotypes in the fetus, the rest being chimaeric in extraembryonic tissues only. That all cells of one component were allocated to the trophectoderm alone in the remaining nine concepti seems most improbable in the light of Garner and McLaren's (1974) finding that both labelled and unlabelled cells were well represented in the ICM in each of six blastocysts obtained by aggregating [ 3 H]thymidinelabelled and unlabelled morulae in pairs. West et al. also acknowledge 'technical failure', by which they presumably mean the secondary separation of paired morulae or irreparable damage to one of them, as a possible contributory factor to the high incidence of lack of chimaerism. This is also likely to be exceptional when, as in this study, composites are transferred to the uterus at the late morula stage. Obviously, there is a need to extend this type of investigation to include trophectoderm derivatives. Ideally, scoring should be undertaken earlier so as to minimize the scope for cell selection once size regulation has taken place. Nevertheless, the study of West et al. (1984) highlights features of the incidence and distribution of chimaerism in composite concepti that are difficult to explain without invoking cell death as an integral component of the regulative process.
The recent work of Pierce et al. (1989 Pierce et al. ( , 1991 is particularly noteworthy in the present context. These workers have not only argued that cell death is involved in maintaining tissue purity in the peri-implantation conceptus, but have also proposed a mechanism for induction of apoptosis in ectopic cells (see Appendix 2 details).
The way forward? Cytoplasmic organization and polarity
Clearly, the principal problem in critically addressing the issue of whether egg organization has a significant morphogenetic role in early mammalian development has been the fact that the various experimental manipulations have not been related to features of such organization. It is possibly because Dalcq's (1957) hypothesis appeared so obviously to be at variance with the results of blastomere isolation and transplantation experiments that the extensive body of cytological and histochemical observations on which it was based have largely been ignored (but see Denker, 1983) . Most intriguingly, one of Dalcq's diagrams suggests that the embryonic-abembryonic axis of the blastocyst is orthogonal to the A-V axis of the egg (e.g. Figure  2i in Dalcq, 1955; Figure 43 in Dalcq, 1957) . However, no information is provided on whether this relationship is a consistent one or, indeed, how it was deduced.
Bilateral symmetry is said to be discernible in untreated living eggs and early embryos of the rat but not, unfortunately, in those of the mouse, which are more amenable to manipulation because they fare much better in culture (Jones-Seaton, 1950) . However, a variety of light microscopy techniques have been introduced since the observations of Dalcq and his colleagues were made which might reveal details of organization in living rodent or other mammalian eggs and preimplantation concepti that could not be resolved hitherto. Confocal laser scanning microscopy appears particularly promising in allowing optical sectioning of unfixed oocytes and concepti (e.g. Calarco, 1995) . Even if bilateral symmetry should elude detection, it would be instructive to relate manipulations on the early conceptus to the axis of polarity of the egg. This poses no problem in the zygote because, as discussed earlier, the second polar body is usually firmly attached to the vitellus (Odor and Blandau, 1951) and can therefore be used to identify the animal pole of the egg prior to first cleavage. It would be particularly interesting to compare the development of the two products resulting from division of zygote perpendicular to the A-V axis versus parallel to it ( Figure  3) . Such a comparison could be informative in two respects. Firstly, it would provide a viable alternative to attempting to test the developmental potential of all 1/8-blastomeres in order to address the question of whether retention of totipotency depends on inclusion of material from all axial levels of the egg. Secondly, it might also shed light on whether the bilaterally symmetrical organization of the egg described by Dalcq and his colleagues has any developmental significance. Here, the salient points are that the bilateral plane is nearly parallel to the A-V axis of the egg, and that the orientation of first cleavage varies with respect to it. Hence, equatorial division of the egg should consistently yield sister 1/2-blastomeres with a more balanced endowment of both dorsal and ventral cytoplasm than meridional division. If the presence of the two types of cytoplasm is indeed necessary for the differentiation of ICM and trophectoderm cells, the products of equatorial first division should both form normal blastocysts more frequently than those of meridional first division (see legend to Figure 3 for further details).
Testing whether the plane of first cleavage is of any significance for the developmental potential of sister 1/2-blastomeres would be relatively simple if Evsikov et al. (1994) are correct in their assertion that its orientation is essentially random. Providing first cleavage takes place in the absence of the zona, the locus of the polar body should continue to mark the animal pole thereafter, and thus allow the sorting of early 2-cell stages according to the plane of division. However, it appears from my own unpublished observations that strictly equatorial division of the zygote occurs rarely, if at all. Whether it can be induced reproducibly by elongating zygotes parallel to their A-V axis before the onset of first cleavage has yet to be explored. If equatorial first cleavage proved unattainable experimentally as well as naturally, recourse to bisection of eggs or zygotes would be necessary. That the frequency with which both halves of bisected zygotes showed significant development was found to be very low was attributed to a combination of suboptimal conditions in vitro and haploidy Rossant, 1976: Tarkowski, 1977) . Not only have improvements in culture conditions been introduced since then, but also a technique for pronuclear transplantation has been developed (McGrath and Solter, 1983) which could be used to ensure that both halves of a bisected zygote had an equivalent genetic endowment.
Can the second polar body be used to identify the animal pole of the egg beyond the zygotic stage? To serve as a useful marker it would not only have to retain its ancestral position during cleavage, but also survive regularly to the morula or blastocyst stage. Although the overwhelming impression gained from the literature is that it is very unlikely that this body does retain its original position (e.g. Lewis and Wright, 1935; Borghese and Cassini, 1963; Tarkowski and Wroblewska, 1967; Graham and Deussen, 1978) , there are no data to substantiate this view. That polar bodies can engage in very lively motion is evident from direct observation or microcinematographic studies of cleavage in the rabbit (Gregory, 1930) , rat (Long, 1912, cited in Borghese and Cassini, 1963) and mouse (Borghese and Cassini, 1963) . Since their shape may vary from approximately spherical to grotesquely amoeboid, their motility is presumably periodic, and may be driven by the same cytoplasmic clock that has been found to operate in anucleate egg fragments (Waksmundzka et al., 1984) . However, whether these bodies engage in net translocation over the surface of the preimplantation conceptus does not appear to have been investigated. To quote Borghese and Cassini in reference to movement of the second polar body (1963): 'Apart from changes in shape due to this intrinsic motion, it also shifts inside the perivitelline space, either actively or because of movements impressed by blastomeres.' Hence, especially since polar bodies are at present the only plausible candidates as markers for the A-V axis of the egg, whether they retain their position throughout cleavage merits thorough investigation. Interestingly, polar bodies that persist to the blastocyst stage appear to be tethered focally to the surface of the trophectoderm (R.L.Gardner, unpublished observations).
Even if polar bodies do retain their position during cleavage, doubt has been expressed about their rate of survival to the blastocyst stage (Tarkowski and Wroblewska, 1967) . Because they are flattened between the surface of the trophectoderm and investing zona pellucida as the blastocoele enlarges, they can easily be overlooked in blastocysts. Nevertheless, Lewis and Wright (1935) recorded the presence of an intact polar body in more than half of the limited series of blastocysts they examined. In PO strain mice, >60% of early blastocysts that were carefully denuded of their zonae with acidified Tyrode's saline following recovery from the uterus had intact polar bodies (R.L.Gardner, unpublished observations). It is conceivable the survival of polar bodies may vary both according to the strain and to whether concepti develop in vivo or in vitro.
However, even if the second polar body does typically remain at its site of abstriction throughout cleavage, there is the further question of what happens to the A-V axis of the egg beyond the 2-cell stage. This is prompted by the observations of Gulyas (1975) , who, on re-examining second cleavage in the rabbit, concluded that the second ½-blastomere to divide rotated through ~90° either during cytokinesis or immediately thereafter. Earlier, Gregory (1930) had noted that the mitotic spindles are roughly perpendicular to each other at the 2-cell stage in the rabbit. Rotation of one blastomere or its products accounts for the fact that, although the disposition of blastomeres at the 4-cell stage is variable, they are generally arranged crosswise, occasionally in a single plane, but more usually as a tetrahedron (see Figure 3) . Similar arrangements of blastomeres at the 4-cell stage have been observed in other eutherian mammals, including the mouse (Sobotta, 1895, cited by Gregory, 1930; Graham and Deussen, 1978) and the rhesus monkey (Lewis and Hartman, 1933) . The effect of rotation would be to shift the axis of polarity of the egg through 90° in one half of the 4-cell conceptus relative to the other. The possibility that a common orientation of this axis might be restored in the two halves of the conceptus by the counter-rotation of blastomeres during subsequent divisions, as depicted in Figure 3 , is at least consistent with the limited observations on third cleavage in the rabbit (Gulyas, 1975) . However, compaction is a major obstacle to obtaining definitive data on the relative orientation of the clonal descendants of the two 1/2-blastomeres later in cleavage. It should be noted that, in classifying cleavage as 'rotational' in mammals, Gilbert (1994) has misinterpreted Gulyas's finding to mean that one of the 1/2-blastomeres actually divides equatorially rather than rotating during or after dividing meridionally.
Assuming first cleavage is normally approximately parallel to the A-V axis of the egg, then, regardless of whether counter-rotation of blastomeres occurs, the two halves resulting from the bisection of morulae in the plane of the boundary between clonal descendants of the two blastomeres of the 2-cell stage should be similarly endowed with regard to material from different axial levels of the egg. Even if the second polar body does not provide an enduring marker for this plane, it could be recognized by injecting a vital lineage label into one blastomere at the 2-cell stage. It would be interesting to repeat the bisection experiments of Nagashima et al. (1984) on morulae labelled in this manner in order to determine whether the frequency with which both halves regulated their development to the blastocyst stage varied according to the plane of bisection.
Cell lineage analysis
By revealing whether there are regularities in the allocation of clonal descendants of specific cleavage blastomeres, detailed in-situ analysis of cell lineage can provide another way of investigating whether egg organization is likely to be of any consequence for normal development (see e.g. Cameron et al., 1989; Strehlow and Gilbert, 1993; McCain and McClay, 1994; Strehlow et al., 1994) . Such lineage analysis has been accomplished successfully in a range of invertebrate and lower vertebrate species using intracellular injection of the enzyme horseradish peroxidase or, more recently, fluorescent dextrans or carbocyanine dyes. Dilution of the label is not a problem in these organisms, which develop to the stage when the basic body plan of the embryo is established both rapidly and with little or no growth. It is, however, a serious limitation in mammals, where early development occurs more slowly, at a higher temperature, and entails significant growth. Consequently, other than that the deployment of blastomeres during cleavage is variable but accords with certain rules (Graham and Deussen, 1978) , very little is known about the normal lineage of cells from the earliest stages of development in mammals. In particular, no detailed direct study of normal lineage from the 2-cell stage has been undertaken to see how the resulting clones map onto the blastocyst or later stages. Thus, while horseradish peroxidase injection revealed that 1/2-blastomeres typically contribute descendants to both the trophectoderm and ICM, enzyme activity was too weak by the blastocyst stage to visualize entire clones readily (Balakier and Pedersen, 1982) . Hence, to answer the question whether the boundaries of clones formed by 1/2-blastomeres show regularities when mapped onto the structure of the blastocyst or, even more interestingly, the entire conceptus at the beginning of gastrulation, will require genetic marking of specific cells in situ.
So far, there are essentially two ways in which genes have been exploited as cell lineage markers in mammals. One entails transplanting single cells from donor concepti to genetically dissimilar host ones (Gardner, 1985) , and the other infecting cells with replication-defective retroviruses that carry a marker gene coupled to a strong promoter (Sanes et al., 1986; Price et al., 1987) . While the former is clearly incompatible with studying the unperturbed fate of cells, the latter suffers from the limitation that it does not allow precise choice of the cell to be marked. Clearly, therefore, there is a need to develop constructs that will allow efficient expression of suitable marker genes in all clonal descendants of any chosen cell of the early conceptus. Given the rapid rate of progress in mammalian transgenesis, such a prospect should not be too remote.
A practical difficulty in undertaking lineage analysis in mammals is the considerable variability in cleavage, both temporally and spatially, which has been documented most thoroughly by Graham and Deussen (1978) . Because of this variability, it is doubtful whether it is either meaningful or, indeed, possible to identify 'corresponding' blastomeres in different concepti. Without this facility, while the task of looking for regularities in lineage is obviously relatively simple at the 2-cell stage, it becomes progressively more difficult as the total number of blastomeres present at the time of labelling increases. The study of Graham and Deussen (1978) suggests that comparisons based on the order in which blastomeres divide may be informative, particularly if enduring landmarks are not forthcoming for achieving some degree of comparability in terms of their spatial arrangement between concepti.
Regulation in chimaeric concepti
Several weaknesses in the case against a significant role for egg organization in early mammalian development provided by studies on aggregation chimaeras were highlighted earlier. Among these, the lack of unambiguous markers for the different cell types that are present in the late blastocyst and persisting uncertainty regarding the mechanism of regulation would seem to be the most serious. Since both the production of specific antibodies and the preparation of cDNA libraries can now be achieved using very small amounts of tissue, suitable markers of early differentiation of trophectoderm and primitive endoderm should soon be forthcoming. For more closely investigating how the regulation of size and pattern is achieved in chimaeras, two types of approach would be particularly instructive. One would be to visualize patterns of chimaerism in the same individual composite concepti both before the onset of size regulation and again immediately thereafter. Use as an in-situ marker of a gene whose product was itself fluorescent (Chalfie et al., 1994) or effected conversion of a substrate to a fluorescent compound (Zhang et al., 1991; Westerfield et al., 1992) would offer the prospect of observing patterns in living concepti by confocal microscopy. An obvious requirement would be to achieve conditions of viewing that were not detrimental to further development. The gene encoding the green fluorescent protein of the bioluminescent jellyfish Aequorea victoria is one promising candidate as a vital in-situ cell marker (Tannahill et al., 1995) . The importance of this approach is that it would allow a direct test of whether the chimaeric composition of tissues resulting from the process of allocation of cells is modified during subsequent size regulation.
The second approach would be to investigate whether regulation of size and, especially, pattern can occur in composite concepti in the absence of apoptotic cell death. Suppression of apoptosis has been achieved in other contexts by engineering the constitutive expression of Bcl-2 or related genes (e.g. Fairbairn et al., 1993; Hay et al., 1994) . Whether this would also work in the blastocyst and early postimplantation conceptus may depend on how cell death is induced in these stages. If, as argued by Pierce et al. (1991) , hydrogen peroxide is the inducer, Bcl-2 may not be protective (Reed, 1994) .
Conclusion
Examples of viviparity can be found in a small minority of species in all classes of vertebrates except birds and, more rarely, among invertebrates as well (Amoroso, 1981) . However, nowhere has early development been more profoundly modified to secure an intimate relationship between embryo and adult than in eutherian mammals. Early development is much slower in mammals than in most other species, which might account for the very marked precocity of activation of the genome in relation to cell number. Furthermore, it entails the precocious differentiation of the trophectoderm and primitive endoderm, wholly extra-embryonic tissues, which account for the majority of cells in the late blastocyst. The remaining cells constitute the primitive ectoderm, which serves, somewhat later, as the precursor tissue for the entire extra-embryonic mesoderm and the amniotic ectoderm, as well as the fetus itself (reviewed in Gardner, 1983) . Hence, the overwhelming majority of cells in the early conceptus differentiate into structures that enable, rather than participate directly in, development of the embryo proper. Nevertheless, despite these modifications, obvious similarities with early development in other species are retained. Thus, true cleavage has been conserved during the initial phase of development in mammals, with the volume of cells roughly halving at each successive division. Furthermore, orientation of the first two cleavages appears to be meridional with respect to the anterior-posterior axis of the egg, while the third may well be equatorial (Gulyas, 1975) . The key question is whether a role for egg organization in specifying polarity or axes of the fetus has also been conserved rather than lost in the course of the evolution of viviparity in mammals. In studies on gastrulation, particularly specification of the primitive streak, effort has concentrated entirely on postimplantation stages. This implies unequivocal subscription to the view that it has been lost. While this view may be correct, there are at present no compelling data to support it!
